This paper analyzes the determinants of the price of gold with a special focus on four uncertainty measures (namely, the volatility (VIX), the skewness (SKEW), the global economic policy uncertainty (EPU), and the partisan conflict (PC) indexes). The nonlinear Autoregressive-distributed Lag (ARDL) model is used to investigate the asymmetric effect of uncertainty measures on gold prices. The results show that a worsening of economic policy uncertainty contributes to increases in the price of gold. By contrast, gold prices are less likely to fall when economic policy conditions have been improved.
Introduction
Gold has been traditionally used by investors as a hedge in portfolio diversification and a safe haven in times of extreme economic and political turbulence and severe market turmoil (Baur and Lucey, 2010; Baur and McDermott, 2010; Lau et al., 2017; O'Connor et al., 2015) . Gold is also a special commodity that has financial and monetary functions. Although the monetary function of gold has been weakened since the collapse of the Bretton Woods System in February 1973, the financial asset function of gold has continued its importance (Wang et al., 2016) . Batten et al. (2014) suggest that gold can be viewed as an alternative to paper currency. Gold is also important to central banks and governments since it can be used as a reserve to defend the value of their currencies (Baur and McDermott, 2010) .
The existing literature has shown that gold is considered as a useful tool to hedge against price risks of other financial instruments (Bredin et al., 2015; Choudhry et al., 2015; Ciner et al., 2013; Joy, 2011; Reboredo, 2013) . Moreover, gold can also hedge against the inflation risk (Batten et al. 2014; Lucey et al., 2017) . Baur and McDermott (2010) find evidence that gold is both a hedge and an investment safe haven, providing protection to investors against financial losses in most major developed world stock markets. Gold is considered as a safe haven since it is attractive for investors in times of the extreme market events (Baur and Lucey, 2010) . In other words, gold is considered as a tool for hedging against uncertainty in the global financial system (Bialkowski et al., 2015) . When there has been a sharp rise in uncertainty in the global financial system (e.g., during the global financial crisis of 2008 -2009 and the European Sovereign Debt of 2011 -2012 , gold is considered as a safe haven asset.
In the light of the great attractiveness of gold to investors over periods of high economic and political uncertainties, there is an emerging interest in studying the role of risk perceptions and uncertainty measures on gold prices in the financial economics literature (see e.g. Balcilar et al., 2016; Jones and Sackley, 2016; Li and Lucey, 2017) . Jones and Sackley (2016) incorporate an index of the U.S. and European EPU into a gold-pricing model and find that gold prices are positively related to EPU. The results suggest that the safe haven status of gold induces an increase of its price in times of high uncertainty. Balcilar et al. (2016) provide more evidence that gold prices react to measures of economic and political uncertainty. They suggest that changes in uncertainty measures can be a more driver of gold prices than these fundamental variables such as the price of oil and exchange rates. Li and Lucey (2017) find that EPU is a positive determinant of gold being an investment safe haven. While a substantial number of studies examine the determinants of gold prices, little research has considered the effect of economic and political uncertainties on the gold price (see O'Connor et al., 2015 , for a review of relevant literature).
Inspired by the recent studies of Jones and Sackley (2016), Balcilar et al. (2016) , and Li and Lucey (2017) , our paper investigates the determinants of gold prices with a special focus on four different uncertainty measures. Our research examines the effects of the volatility (VIX), the skewness (SKEW), the global economic policy uncertainty (EPU), and the partisan conflict (PC) indexes on the price of gold. The study also considers the effects of exchange rates and crude oil prices. First, following Capie et al. (2005) , O'Connor and Lucey (2012) , and Pukthuanthong and Roll (2011) , the effect of the exchange rate (real value of U.S. dollar) has been accounted for to capture the financial function of the gold. Second, following Ciner et al. (2013) , Gil-Alana et al. (2017) , Kang et al. (2013), and Reboredo (2013) , the price of crude oil has also been considered since crude oil and gold are close substitutes as safe haven assets.
Our paper contributes to the existing literature in two ways. First, the few existing studies provide some evidence that gold prices are sensitive to certain uncertainty measures. It
is not yet clear, however, how broad measures of economic and political uncertainty affect gold prices. To the best knowledge of the authors, this is the first paper to analyze the effects of four uncertainty measures on gold price fluctuations. By including different uncertainty measures this research provides rich insights into the determinants of gold prices and the safe haven role of gold. For example, the SKEW index captures the tail risk (the risk of outlier returns two or more standard deviations below the mean) in the S&P 500 stock markets (Gozgor, 2014) . The partisan conflict index, which represents the degree of political disagreement among U.S. politicians at the federal level, is of great significance as a measure of economic and political uncertainty especially in recent years when there has been a high degree of partisan conflict in American politics.
Second, our paper is the first to investigate asymmetric effects of uncertainty measures on gold prices. This study considers the asymmetric effect in the sense that the partial sum positive and negative change of uncertainty measures can have different impacts on the price of gold. A novel Nonlinear Autoregressive Distributed Lag (NARDL) Model proposed by Sin et al. (2014) is employed in this study, which introduces an asymmetric structure in the specification of the gold price. This paper also uses the recent developed Generalized Autoregressive Conditional Heteroskedasticity (GARCH) based unit root test of Narayan and Liu (2015) to test for stationarity of the variables of interest.
The remainder of this paper is organized as follows: Section 2 provides a brief review of relevant literature, Section 3 explains the data, methodologies, and models, Section 4 presents empirical results and discussion, Section 5 summarizes and concludes.
Literature Review
There have been extensive studies on gold as an investment and its relation to inflation, exchange rates, oil prices, and other variables. This section only elaborates on a few Beckmann et al. (2015) investigate causal relationships and volatility patterns between gold prices and exchange rates. This study reports that the gold price is likely to increase after a depreciation of U.S. dollars. Moreover, increasing volatility of dollar exchange rates can cause substantial financial losses for investors. However, gold is able to offset these losses.
Furthermore, Khalifa et al. (2016) analyze volatility transmission mechanisms between exchange rates and seven commodities (i.e., oil, gold, silver, copper, platinum, palladium, and aluminum) with the U.S. uncertainty measures. They report the presence of uncertainty measures can change volatility transmission patterns. However, their research mainly focuses on the patterns of volatility transmissions between asset classes with and without impacts of uncertainty measures and only use lagged uncertainty measures as control variables. Batten et al. (2010) , on the other hand, focus on the macroeconomic determinants (business cycles, financial market sentiment, and monetary environment) of the volatility in precious metals (the prices of gold, palladium, platinum, and silver) markets by using the monthly price volatility values. The results show that the volatility of gold can be explained by the monetary variables. Moreover, Batten et al. (2014) analyze economic determinants of the gold-inflation relation by examining the long-term dynamic relation between inflation and the gold price. The research shows that there is no cointegration between the price of the gold and inflation when a volatile period of the early 1980s is excluded from the data. However, Batten et al. (2014) demonstrate that the co-movement between the variables has increased during the 2000s.
Data, Econometric Methodology, and Empirical Model

Data
Our paper considers the price of gold as the dependent variable over the period from January 
Econometric Methodology and Empirical Models
Unit Root Tests
We test for stationarity of the variables of interest in this section, the hypothesis of the absence of a unit root are examined by employing the Augmented Dickey-Fuller (ADF) test of Dickey and Fuller (1979) , the tests of Phillips and Perron (PP) developed by Phillips and Perron (1988) , and the structural breaks model test by Zivot and Andrews (1992) . We also consider the KPSS test of the null hypothesis of stationarity. It is well known that both the ADF and the PP tests are lack of power in testing for a unit root in the time series variable;
and therefore, we further apply the nonlinear unit root test of the KSS test of Kapetanios et al.
(2003) to test for unit roots when the nonlinear component is significant. 3 We also apply another more powerful unit root test of Narayan and Liu (2015) that considers the GARCHbased unit root test. The results of the unit root test of Narayan and Liu (2015) can be noteworthy since the monthly data on our models can be volatile.
The choice of the KSS nonlinear unit root test is based on the fact that the nonlinear exponential smooth transition autoregressive (ESTAR) model, as proposed by Granger and Terä svirta (1993) , which is the most popular nonlinear model in the literature due to its theoretical and modelling advance. The model not only be able to mimic the hidden nonlinear components in time series data, but it can also provide a theoretical rationale to model the hidden market frictions during the trading activity, such as imperfect market structures and the transportation costs. Following Kapetanios et al. (2003), we can specify the model as such:
Where ξ and θ are the parameters, which govern the dynamics of the data generating process. However is not identified under the null hypothesis; and therefore, the null hypothesis cannot be tested. Using a first-order Taylor series approximation method, Kapetanios et al. (2003) reparametrize Equation (1) and the auxiliary regression becomes the following:
ϕ is the KSS test parameter, the t-statistics could be derived from ϕ, which is denoted by:
where ̂i s the ordinary least squares (OLS) estimate of ϕ, and (̂)is its associated standard error.
Nonlinear Autoregressive Distributed Lag (NARDL) Model
We examine the dynamic response of the gold price to six independent variables (i.e. the oil price, the real effective exchange rate, the VIX, the SKEW, the partisan conflict, and the global economic policy uncertainty indexes). There are two motivations to apply the NARDL method in our paper. First, the results on the stationarity of variables are mixed in the previous section; therefore, the NARDL model provides robust estimations even with the mixed integration of variables in the system. Second, the gold price appeases to exhibit an asymmetric long-run and short-run response to six independent variables of interest. The NARDL model is introduced by Sin et al. (2014) , and the long-run specification of the gold price can be written as such: index, respectively. The partial sum positive and negative change of variables in interest can be represented by the positive and the negative signs, respectively. For example, the partial sums for changes in the oil price can be expressed as such:
According to the literature, the long-run relation between the gold price and the oil price is positive; i.e. a higher level of oil price increases the gold prices. A higher level of the REER implies the appreciation of the USD; and therefore, a higher level of the REER is expected to decrease the price of the gold. The effects of uncertainty measures (e.g. the VIX, the SKEW, the partisan conflict, and the global EPU indexes) can be either negative or positive. During normal periods, a higher level of uncertainty should be negatively related to the asset prices. However, given that gold can be seen as the "safe haven" by the investors, especially during the times of high uncertainty, we can suggest that there can be positive effects of uncertainty measures on the price of gold. These asymmetric effects need to be modeled, and the NARDL estimations can successfully capture the asymmetric effects.
Following Shin et al. (2014) , Equation (4) 
Empirical Results and Discussion
In order to examine the unit root test hypothesis, we perform several conventional univariate unit root tests, including the Augmented Dickey-Fuller test (ADF, Dickey and Fuller, 1979) , the PP test (Phillips and Perron, 1988) , the KPSS test (Kwiatkowski et al., 1992) , and the structural breaks model test by Zivot and Andrews (1992) . We also apply the nonlinear unit root test of Kapetanios et al. (2003) . The KSS unit root test is more powerful than the conventional unit root test when the data contain a significant nonlinear component. Finally, we use the GARCH-based unit root test of Narayan and Liu (2015) to model the volatility in the monthly data. The result in Table 1 regarding the evidence of is more mixed, rather than stationary, and I (2) variables are in the absence in our study; and therefore, it is statistically appropriate to estimate the NARDL model in Equation (7).
[Insert Table 1 around here]
We estimate the static linear regression and the static asymmetric model as the baseline models. As reported in Table 2 , the results clearly indicate that asymmetric model is the appropriate one and the results of the asymmetric test also confirm this for all independent variables. 4 The results of the cointegration of Shin et al. (2014) show that all variables included in our estimates model co-move in the long-run. The cointegration test statistic of t BDM (i.e.-3.934) is able to reject the null hypothesis of no cointegration at the 5% significance level. 5 As there is evidence of co-movement in the system, we further examine the dynamic relation between the gold price and the positive and the negative changes in the oil price, the REER, the VIX, the SKEW index, the partisan conflict index, and the global EPU index.
[Insert Table 2 around here] Table 3 shows the long-run asymmetry tests and the asymmetric long-run response of the gold price to the positive and the negative changes in other variables. We obtain the positive response of the gold price to the positive and the negative changes in oil price. 6 We observe the negative response of the gold price to positive change in the real effective exchange rate, and the positive response of the gold price to the negative change in the VIX.
Finally, we observe the positive response of the gold price to the positive change in the global EPU, and the negative response of the gold price to the negative change in the global EPU.
[Insert Table 3 around here]
According to the results in Table 4 , the long-run response of the gold price to the change in the oil price is statistically significant for both directions of the oil price change;
even the response to the negative oil price shock is two times larger than that of the positive also indicate that all variables included in our estimates model co-move in the long-run. The related results are not reported on here, but available upon request. 6 However, the response of the gold price to the oil price is larger for the decrease in the oil price.
price and one percent decrease in oil price leads to a 0.455 increase in the price of gold. As gold does not provide cash flows, such as dividend on equities, an accurate prediction on gold price changes is important for investors in the gold market to generate high return. The Goldoil relation is partly due to inflation (an increase in oil price is a proxy for inflation) (Batten et al., 2010 and . Indeed, as a high spike in oil prices would accelerate inflation, the central banks will invest more in physical gold in order to minimize the risk is related to currency devaluation, resulted in the increase in gold price. However, if oil dramatically fell, the global gold prices may increase as in the reality that the gold price was increased in Britain for three major periods of deflation: 1814 -1830 , 1864 -1897 , and 1929 -1933 (Jastram and Leyland, 2009 ). Investors and households prefer to keep their money outside the banking system and invest in the gold market; our findings on the gold-oil relation are consistent with the above explanations.
[Insert Table 4 around here]
Regarding the gold-exchange rate relation, the higher level of the REER implies the appreciation of the USD; and therefore, the higher level of the REER is expected to decrease the price of the gold, as gold has served as the hedge against fluctuations in the foreign exchange value of the USD (Capie et al., 2005; Joy, 2011; Pukthuanthong and Roll, 2011) .
The estimated long-run coefficients for the real effective exchange rate (i.e. L.x2p) is determined as -0.496. The finding implies a one percent increase in the real effective exchange rate for USD causes a 0.496 percent decrease in the gold price.
In regard to the gold-price movements, it is interesting to examine how the gold price reacts to economic and political uncertainty. In the paper of Balcilar et al. (2016) and Jones and Sackley (2016), the authors find evidence of the causality running from various uncertainty measures to gold returns. In our paper, we also find the evidence of the positive response of the gold price to the positive change in the global EPU, and the negative response of the gold price to the negative change in the global EPU (even statistically insignificant), confirming the fact that worsening in economic and political uncertainty is likely to increase the gold price, while improving in economic and political uncertainty the gold price is not necessary to fall..
The above empirical results imply the validity of the substitution effect between the gold and oil. We also observe the negative response of the price of gold to the positive change in the REER and this finding is in line with the theoretical expectation, i.e. a weak dollar can cause to a higher price of the gold. In addition, we obtain the positive response of the gold price to the negative change in the VIX. Finally, we find the positive response of the gold price to the positive change in the global EPU and the negative response of the gold price to the negative change in the global EPU. This result implies that gold is considered as the safe haven in the times of high-level economic policy uncertainty in the world. Therefore, in addition to gold being a hedge against inflation, increases in economic policy uncertainty contribute to increases in the price of gold, and the decrease in economic policy uncertainty will not have the significant decrease in the gold price. In short, we observe the co-movement between the price of the gold and the global EPU. Therefore, we can suggest that the price of gold is not only crucial for the asset pricing, but also for the portfolio diversification and risk management not matter at the time of increasingly uncertain economic policy environment or normal episodes.
The results of the nonlinear ARDL test reveal that positive shock in the real exchange rate and economic policy uncertainty has a more pronounced effect than negative shocks to the price of the gold, while the gold price is relatively more sensitive to decreases in oil prices. We, therefore, conclude that the interactive mechanism between oil, exchange rate, economic policy uncertainty and gold prices is nonlinear and asymmetric. Finally, Figure 1 presents the dynamic multipliers for the long-run asymmetry and the results confirm this baseline evidence.
[Insert Figure 1 around here]
Conclusion
In this paper, we analyze the determinants of the price of gold with a special focus on four uncertainty measures (i.e., the VIX, the SKEW, the global EPU, and the PC indexes). In the empirical model, we consider the REER of the U.S. dollar and the price of oil. We utilize the nonlinear ARDL estimations, and the findings show that gold prices respond positively to negative changes of the oil price. This result implies the validity of the substitution effect between gold and oil. We also observe that gold prices tend to react negatively to a positive change in the REER, and this finding is in line with the theoretical expectation, i.e. a weak dollar leads to a higher price of gold. In addition, we find a positive response of the gold price to negative changes in the VIX. Finally, we find a positive response of gold prices to positive changes of the global EPU and a negative response of gold prices to negative changes in the global EPU. This result suggests that gold is considered as a safe haven in times of high-level economic policy uncertainties in the world. In short, we observed the co-movement between the price of the gold and the global EPU. The findings of this paper offer great insights into practices of the portfolio diversification and risk management.
Future research on the determinants of the gold price can consider other uncertainty measures. At this stage, the U.S. economic policy uncertainty, especially the monetary policy uncertainty and the fiscal policy uncertainty in the U.S. can be considered as the potential drivers of the price of the gold. Newey and West (1994) . The optimum lag order is selected based on the BIC criterion. The unit root test of Zivot and Andrews (1992) considers the break in the intercept of the linear trend function. We extract the appropriate critical values (CVs) from Narayan and Lui (2015) for the 1%, 5%, and 10% levels respectively. ***, **, and *denote the statistical significance at the 1%., 5%, and 10% level. Notes: In the output variables are renamed to _y (the endogenous variable), _x1p, _x2p... (The sum of the positive changes in exogenous variables 1, 2...n), and _x1n, _x2n... (The sum of the negative changes in exogenous variables 1, 2...). A "d" in the variable name indicates the first differences. We also perform the diagnostic statistics, and results are satisfactory. Variables 1, 2,3,4,5, and 6 denote the oil price, the real effective exchange rate, the VIX index, the SKEW index, the partisan conflict indexes, and the global economic policy uncertainty, respectively. *, **, and *** represent 10%, 5%, and 1% significance level respectively. 
